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Summary  
World livestock production is defined into three production systems, grazing, mixed 
and industrial systems. Grazing system supplies 9% of global meat production. Mixed 
farming system produces the largest share of total meat (54%) and milk (90%). 
Industrial system provides 37% of total global meat. Resource use in mixed farming 
system is generally expected highly self-reliant as nutrients and energy flow from 
livestock and back. Manure produced in mixed farming systems is playing a key role in 
nutrients recycling. Availability of manure nutrients to soil is determined by stocking rate 
and manure management, collection efficiency on farm, nutrient loss during storage etc., 
depending on five subtypes of mixed farming. Large disparity of net availability of 
manure nutrients to the soil can be found among world agro-ecological zones. In 
Sub-Saharan countries the manure nutrient is in serious deficit and less in the parts of 
Asia to replenish nutrients removed by crops. In some parts of OECD countries manure 
nutrients are surplus and causing environmental pollution. In industrial systems generally 
of its landless nature manure nutrient is surplus and prone to pollute environment. Policy 
and technology options to make mixed farming and industrial systems sustainable were 
suggested for firsthand settlement.. 
Keywords: livestock production systems, stocking rate, manure nutrients, soil fertility, 
crop nutrients requirement, agro-ecological zones  
 
Introduction 
Okura Yamanoue from the Manyosyu，1300 years old Japan’s Premier Anthology 
of Classical Poetry; 
 
O cottons and silks of the rich, 
more than can dress 
their few children’s bodies, 
that they let rot and throw away ! 
  
    Translation by Hideo Levy，2004  
  
World agricultural production systems are determined by agro-ecological and 
socioeconomic factors which are prevailing in the place where production systems are 
practiced. The both factors divided the world into favorable and less favorable 
agricultural zones, and developed and developing countries resulted inevitably.  
Livestock make use of more than two thirds of the world surface under agriculture, 
and one third of the total global land area and are playing an important role to convert 
crop and grass into high quality food and to replenish nutrients back to the soil with 
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manure produced.4） 
Manure from livestock production systems has been generally advocated as 
important resource to maintain soil fertility both in developed and developing countries. 
However, having opportunities for nutrient recycling, the actual status of manure 
nutrients supply to cropland needs to be paid more attention by majority of animal 
scientists who are specialized in physiological process of production. Depending on 
differences of stoking rate and manure handling technology, the status varies either 
from deficits with resultant loss of soil fertility in developing countries 1,8,11,14,15,19), or to 
surplus with resultant pollution of the environment in developed countries.3,4,12,15,18) 
The purpose of the present review is to identify the disparity of manure nutrients 
supply and its effect on agricultural sustainability in mixed farming and industrial systems 
between developed and developing countries, and to suggest policy and technology 
options for firsthand settlement. 
1  Disparity in stocking rate and chemical fertilizer consumption between developing 
and developed countries 
1)  Stocking rate5） 
    The supply of nutrients from manure to cropland can be principally determined by 
stocking rate (number of animals per hectare) on agricultural area and arable land, and 
net availability be modified by farmer’s manure technology and management practice. 
Through relative share between arable and permanent pasturelands in the national 
agricultural area, animal agriculture of the world can be characterized into three regions 
as pasture based, arable land based and intermediate. These three types include a 
variety of agro-ecological zones and show an apparent difference of calculated 
stocking rates on agricultural and arable land area. Table 1 shows ratio of permanent 
pasture area versus arable land area (PPAR), livestock unit per hectare of agricultural 
area (SRAA) and arable land area (SRAL) in four regions of the world, Sub-Saharan Africa, 
Asia, Latin America and OECD countries.          
In Sub-Saharan Africa, including semiarid, sub-humid and humid tropics, and tropical 
highland, PPAR ranges 0.34-6.44 with the mean of 3.14, and compares to Latin 
America, including sub-humid and humid tropics and temperate, PPAR 2.50-18.34 with 
the mean of 7.01. In Asia developing, including semiarid, sub-humid and humid tropics 
and temperate, PPAR ranges 0.03-0.55 with the mean of 0.21 and arable land 
dominates, contrasting to Sub-Saharan Africa and Latin America, both permanent 
pasture dominates. OECD countries, including mostly sub-humid and humid temperate, 
indicate PPAR 0.04-1.94 with the mean of 0.70 and have arable land, surpassing 
permanent pasture. 
    As for stocking rate on agricultural area, SRAA of Sub-Saharan Africa ranges 
0.09-1.31 with the mean of 0.56 and the lowest of the four. If the total LU is 
concentrated on the arable lands, SRAL ranges 0.62-4.04 with the mean of 1.99 and 
shows a possibility of the maximum manure nutrients to arable land but actual nutrient 
deficit.            
In Asia developing SRAA ranges 0.46-3.78 with mean of 1.77 and SRAL 0.65-5.94 
with the mean of 2.69. That indicates much higher manure nutrients supply to arable 
land than Sub-Saharan Africa and if manure is adequately handled, it will be possible to 
suffice an expected level of nutrients supply to crops as shown in Table 5. 
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Table 1  Difference of stocking rate on agricultural (SRAA) and arable lands (SRAL) among representative countries of world regions 
characterized by the ratio of permanent pasture versus arable land areas (PPAR) and total chemical fertilizer consumption  
 
  World                P. Pasture v.      LU per hectare      Total fertilizer     LU per hectare         Total fertilizer  
region                arable ratio      agricultural area   kg/ha agric. Area     arable land          kg/ha arable land 
 
  Africa S.S.            0.34-6.44           0.09-1.31             0.3-5.4            0.62-4.04             1.1-34.2 
   (n=10)                (3.17)              (0.56)                (3.0)               (1.99)                (13.0) 
  Asia developing       0.03-0.55           0.46-3.78            12.1-207.1          0.65-5.94            13.1-294.8 
   (n=11)                (0.21)              (1.77)                (81.4)              (2.69).               (135.9)  
Latin America .       2.50-18.34          0.31-0.93            4.2-29.9           1.80-12.03            21.9-230.0 
 (n=10)                (7.01)              (0.56)                (13.8)              (4.83)                (90.9) 
OECD                0.04-1.94           0.60-3.72           48.1-356.9          1.37-7.93            112.5-409.7  
   (n=12)                ( 0.70)              (1.61)               (149.4)             (2.71)                (238.8) 
 
Figures in brackets show the means. 
Source: Own calculation 
Extracted representative countries of the world regions were; 
Africa South of Sahara: Cameroon, Ethiopia, Kenya, Mali, Niger, Nigeria, Senegal, Uganda, Zambia and Zimbabwe.  
Asia developing: Bangladesh, China, India, Indonesia, Iran, Myanmar, Nepal, Pakistan, Philippines, Thailand and Vietnam. China and Iran were excluded from 
the calculation of PPAR, SRAA and SRAL because of extra high share of permanent pasture in this region.   
Latin America: Argentina, Brazil, Chile, Colombia, Mexico, Nicaragua, Paraguay, Peru, Uruguay and Venezuela.    
OECD countries: Australia, Denmark, France, Germany, Italy, Japan, Korea, Netherlands, New Zealand, Spain, United Kingdom and United States of America. 
Australia and New Zealand were excluded from the calculation of PPAR, SRAA and SRAL because of extra high share of permanent pasture in this group. 
Also U.S.A. was excluded from the calculation of SRAA and SRAL because of extra low value in the OECD group.       
LU: Livestock number (buffalo (1), cattle (1), sheep (0.2), goats (0.2), pigs (0.2), chicken (0,01), ducks (0.01) and geese (0.01) of the extracted country was 
converted into Livestock Unit (LU) with conversion ratios shown in brackets and aggregated into national LU. This calculation is only for 
    convenience’ sake because it is practically difficult to standardize each country’s livestock number into TLU due to lack of live weight information.  
Stocking rate: National aggregated LU was divided by the agricultural land (SRAA) and arable land areas (SRAL) and expressed in LU per hectare.  
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In Latin America SRAA shows 0.31-0.93 with the mean of 0.56. Though the figure 
resembles that of Sub-Saharan Africa, it indicates favorable grazing condition on good 
pasture with adequate stocking rate. The SRAL of the region shows the highest mean 
but only a result of calculation on dominating pasture and has no realistic meaning.    
In OECD countries though SRAA and ARAL numerically compare to Asia developing but 
livestock are kept under much more favorable nutritional and environmental conditions 
and the live weight of animals is larger than Asia. Also manure collection efficiency on 
the farm and nutrient conservation may be better in OECD than Asian countries. 
Therefore, these figure seems to mean minimum expectation of manure nutrients 
supply to the crop. Therefore, there will be possibility to be surplus of manure nutrients 
to the arable land beyond ２LU/ha. (LU=85kgN/year in OECD countries) 
2)  Consumption of chemical fertilizer 5) 
    Consumption of chemical fertilizer for world regions in terms of total fertilizer kg per 
hectare per year is shown in Table 1 as the consumption kg/ha for national agricultural 
and arable land area.     
    In sub-Saharan Africa the consumption for per unit agricultural area and arable is 
0.3-5.4 with the mean of 3.0 and 1.1-34.2 with the mean of 13.0 kg/ha, respectively. 
The figures are low far apart from the other regions and means the chemical fertilizer is 
scarcely applied. Niger is the low extreme. Even the nutrients from manure and 
chemical fertilizer are combined, the net availability of nutrients is far below the 
requirement to replenish crop removal. 
    In Asia developing the consumption for per unit agricultural area and arable is 
12.1-207.1 with the mean of 81.4 and 13.1-294.8 with the mean of 135.9 kg/ha, 
respectively. The extremely low figures are noticed in Nepal and Myanmar. Other than 
these two countries, the nutrients from manure and chemical fertilizer are combined, 
the net availability of nutrients seems to meet nearly the requirement to replenish crop 
removal. Vietnam shows the highest figure comparable to that of OECD countries.  
    In Latin America the consumption of chemical fertilizer shows a feature different 
from the other three regions, by the same reason as in stocking rate, based on the 
favorable permanent pasture. 
    In OECD countries the consumption both figures are exceedingly high compare to 
other three regions. the nutrients from manure and chemical fertilizer are combined, 
then the net availability of nutrients meet the requirement to replenish crop removal 
and in some countries the nutrients come near to the limit of the capacity of assimilation 
of crop and land and in other countries the nutrients seem to surpass the national 
capacity of assimilation and prone to environmental pollution. 
    Through above macroscopic analysis it may be concluded that an apparent 
disparity of nutrient supply from livestock manure and total consumption of chemical 
fertilizer exist among world regions under varying agro-ecological and socioeconomic 
conditions. Interaction between the manure nutrient supply and livestock production 
systems will be examined in following sections.      
2 Livestock production systems and nutrients availability 
    Based on the degree of integration with crops and its relation to land, the world’s 
livestock sector has been into three broad livestock production systems classified in this 
review (Sere and Steinfeld, 1996)９）, i.e. grazing, mixed farming and industrial systems. 
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For land-based production forms, i.e. grazing and mixed farming systems, a 
sub-subdivision is required to identify the difference caused by agro-ecological 
conditions and the ways in which livestock affect the natural resource base.    
1)  Grazing systems 
These systems are based almost exclusively on livestock production, with little or 
no integration with crops. They are mainly based on native grassland. In terms of total 
production, grazing systems supply only 9% of global meat production. Of this, 
three-quarters comes from Central and South America, and  the OECD. Agro-ecological 
conditions strongly define the nature and scope of livestock-environment interactions in 
grazing systems. 
2)  Mixed farming systems 
   In mixed farming systems, crops and livestock production are integrated on the 
same farm. Globally, mixed farming systems produce the largest share of total meat 
(54%), and milk (90%). Regionally, the mixed farming systems of the OECD countries 
and Asia provide by far the largest share of these products, but also in sub-Saharan 
Africa, West Asia and North Africa (WANA) and Central and South America, mixed 
farming is the main system for small holder farmers. Resource use in mixed farming is 
often highly self-reliant as nutrients and energy flow from crops to livestock and back. 
By definition, such a closed system offers positive incentives to compensate for 
environmental effects (“internalize the environmental costs”) making them less 
damaging or more beneficial to natural resource base. Because of the disparity 
recognized between mixed farming systems in the developing and developed world 
this 
review distinguishes completely different approaches needed to address the 
environmental effects of mixed farming. 
Table 2 shows the livestock inventory of mixed farming systems. Table 3 indicates 
the livestock production of mixed farming systems by world region and share of the 
system in total commodity production. 
３)  Industrial systems  
These systems cover industrial types of production and small-scale urban or 
peri-urban production in developing countries. Both monogastric ( pig and poultry) and 
ruminant production systems exist. They provide 37% of the total global meat 
production. These systems are open both in physical and economic terms. They 
depend on outside supplies of feed, energy and other inputs. These systems are 
strongly market 
driven, making them less resilient to market upheavals than other systems. Because of 
their landless nature and many interfaces with the outside world, these systems, if not 
properly  controlled,  offer  many  opportunities  to neglect  (“externalize”)  their  
environmental cost. Table 4 shows livestock production of industrial systems by world 
region and share of the systems in total commodity production. 
4)  Global overlay of the production systems  
In addition to the site specific and production systems related impacts of livestock, 
such as land degradation in the arid zone, deforestation in the humid zones or 
livestock-wildlife interactions in the savannas, there are number of effects which include 
the environmental aspects of feed production, the emission of greenhouse gases, the 
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erosion of wild and domestic genetic resources, and the management of waste that is 
the principal concern of the present review. As in the industrial system, some of these 
Table 2  Livestock inventory of mixed farming systems 
 
Species          Number    Percent global  Of which in   Of which in OECD & 
                   (millions)   population     developing c.   other developed c. 
     
  Cattle              860.6        66.9          78.8              21.2 
  Buffalo             148.0       100.0          99.9               0.1 
  Sheep & Goats    1,096.8        63.9          87.8              12.2 
  Dairy cattle         192.2        85.0          78.7              21.3 
 
      Source: Livestock and Environment Toolbox4） 
 
Table 3  Livestock production of mixed farming systems by world region and share of 
the system in total commodity production 
 
  World region         Beef & mutton        Poultry & pork           Milk   
                     000 MT    % of total    000 MT    % of total     000 MT    % of 
total 
  
 SSA                1,386       3.4        720      1.4       3,400      0.7 
 Asia                6,345      15.4      25,444     47.7     91,624     
18.5 
 CSA                4,613      11.2       2,806      5.3      30,649     
6.2 
 WANA              2,531       6.2        680      1.3      21,506      
4.3 
 EE & CIS            7,078      17.2       8,748     16.4     128,375    25.9 
 OECD & dev’ed c.   19,152      46.6      14,892     27.9     219,819    
44.4 
 
 Total               41,100     100.0      52,290    100.0     495,371    
100.0 
 
      Source: Livestock and Environment Toolbox4） 
  
Table 4  Livestock production of industrial systems by world region and share of the 
system in total commodity production 
 
  World region         Beef & mutton        Poultry & pork          Eggs   
                     000 MT   in % of total   000 MT   in % of total   000 MT   in % of total 
  
 SSA                     0      0.0        327       24.0      246       30.4 
 Asia                     0      0.0      12,789      33.4     7,680      
 8 
52.7 
 CSA                     0      0.0       5,828      62.7     2,890      73.4 
 WANA                 100     3.2        1,170     60.7       948      
59.7 
 EE & CIS            3,609     33.7       6,288     41.8      3,831      65.4 
 OECD & dev’ed c.     2,446      8.9      33,728     68.8     11,470      
87.5 
 
 Total                 6,155      9.4      60,130     52.3     27,071      
67.9 
 
      Source: Livestock and Environment Toolbox4） 
impacts (for example, processing waste) can be traced to one polluter (called “point 
source”), and can therefore be controlled with appropriate regulation at the source. The 
other impacts cannot easily be traced to one polluter (“non-source pollution”), and the 
challenge is then to find the incentives to encourage all producers to reduce these 
emissions.                 
3  Disparity of nutrient in the mixed farming systems 
1)  Definition of the subtype of the mixed farming systems 
     Integration of crops and livestock occurs in different degrees and forms of external 
input use and plant nutrient cycling on the farm. The degree of input use is essentially 
related to the outfield/infield ratio, i.e. the area of land available for grazing outside the 
farm (outfield) in relation to the feed requirements for animal production and manure  
requirements for crop cultivation on the farm (infield). In this reason following five 
subtypes of the mixed farming system can be defined. 
Subtype 1: Mixed farming systems making use of communal grazing 
    These systems have a high outfield/infield ratio. The area of outfield required to 
supply enough manure for one hectare of cropland is known to be around 20-40 ha. In 
case where these pastures are available, it is often neither economic to harvest and 
conserve fibrous crop residue nor to improve housing for manure collection. In general 
crop residues are left in the field to be grazed and animals are gathered in corrals or 
night pen. Manure so collected can be used to sustain crop cultivation. This subtype is  
mainly observed in semi-arid tropics. 
Subtype 2: Mixed farming systems making use of crop residue 
    An expansion of area under crop cultivation in general is at the cost of pastureland, 
less pastureland (less outfield) and more crop land (more infield). Crop residues 
become more important. Number of animals is more limited and its function changes 
from collection of nutrients from outfields to cycle of nutrients on infields. This subtype is 
mainly observed in semi-arid and sub-humid tropics. 
Subtype 3: Mixed farming systems making use of cut and carry 
    Further increase in land use for crop cultivation often results in restriction on the free 
grazing of animals. Tethering and the collection of feed from roadside, other communal 
land and neighboring farms then replace grazing on communal land and mixed systems 
based on cut and carry appear. In short, human labor (men, women and children) 
replaces the energy used by grazing animals to collect their feed. The cut and carry 
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systems therefore are, in general applied by households with access to little land and 
no better alternative income generation for their labor. This subtype is mainly observed 
in sub-humid and humid tropics.６） 
Subtype 4; Mixed system making use of feed from farm         
    Farms with access to more land relative to outfield can reduce labor costs by 
growing more fodder crops on their land. They then can evolve in mixed system with 
feed from farm. The cultivation of fodder crops on farm can in addition contribute to 
prevent erosion, to fix nitrogen, to mobilize nutrients from the soil, to improve soil 
structure and to provide by-products. The system is characterized by intensive cycling  
of plant nutrients on farm (infield). However, the lack of outfield will eventually threaten 
the sustainability of even very efficient recycling systems. This subtype is mainly 
observed in sub-humid and humid topics and temperate. 
Subtype 5: Mixed farming systems make use of external feed 
    The mixed external feed system can evolve from any other system but is 
characterized by input of plant nutrients through external feed for livestock. The 
external feed is of high quality and originates from distant outfields, whereas the other 
systems rely on feed of moderate or poor quality from local outfields. 
    Specialization and expansion in livestock production can easily result in low 
utilization of resources on farm (feed quality inferior to requirements) a poor utilization 
of manure (dumping instead on fields instead of application to crops) and surplus of 
manure (not enough land to put manure on). Therefore, such developments need to  
create an association between specialized farms, i.e. manure to another farms 
specialized in crops or vegetables, while receiving crop residue in return. This subtype is 
mainly observed in sub-humid and humid tropics and temperate. 
2)  Mixed farming systems in the developing world: Nutrient deficits      
    The mixed farming systems of the developing world include mainly subtype 1-4 
and contain about 67% of the cattle and 64% of the small ruminants of the world.  
Livestock plays a significant role in maintaining soil fertility. In partially closed mixed 
farming systems of subtype 4, livestock can replenish a substantial share of soil 
nutrients.      
The availability of nutrients to crops depends on the amount lost varying, 
depending upon the technology used in collection, storing and application practices. 
How farmers approach these three factors largely determines the effectiveness of the 
recycling process and therefore provides an avenue for intervention.1, 8,11,14,19)  
However, quantitative research on farm level in developing countries is scarce. A model 
of basic estimate of the efficiency of manure dry matter to replenish nutrients of the 
cropland with different subtypes of mixed farming systems is proposed in Table 5. 2) 
Manure production per TLU (body weight 250kg) is assumed 1,000-1200 kg DM 
per year. Manure collection efficiency on farm for mixed grazing, mixed crop residue 
and others are 50, 68 and 100%, respectively. Annual storage loss is assumed 50% for 
all subsystems. Manure requirement of each subtype per hectare of cropland is 
postulated 1,000~1,200 kg DM per year.  
Final fulfillment of manure in terms of TLU to the requirement of cropland is 2~4                
Table 5  Yearly estimates (kg DM) of manure production, stored, lost and required on 
different subsystems in the tropics. (TLU=body weight 250kg) 
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 Mixed sub       Manure  Litter &   Manure     Annual   Manure   TLU/ha 
 Systems         TLU     residues   collection   storage   requir.     needed 
                           added     on farm     loss      per ha  
  
Communal graz.   1,000                 500      250       1,000       4 
Crop residues      1,000     +100       +750     +375       1,200      3-4 
Cut & carry       1,000     +200      +1,200     +600       1,200       2 
Feed from farm    1,000     +200      +1,200     +600       1,200       2 
External feed      1,200     +100      +1,300     +650       1,000     1.5-2 
 
      Source: Livestock and Environment Toolbox4） 
TLU/ha depending on the subtypes. As shown, stall feeding significantly increases the 
amount of nutrient available from manure. 
3)  Mixed farming systems in the developed world: Nutrient surplus 
    The mixed farming systems of the developed world include mainly subtype 5 and a 
little subtype 4, and cover 17% of the world’s pasture land and half of its arable land. 
They contain about one-fifth of both world’s cattle and small ruminant population.  
    With increasing population pressure, growing income and improved infrastructure 
and market opportunities, more intensive forms of crop livestock production with high 
stocking rate, including integrated system evolve. These integrated systems come into 
dis-equilibrium in several regions of the worlds as a consequence of large nutrient      
imports from outside the region, causing an overloading of soil and water with 
pollutants. 
    Soils in EU member states, 3,18) Denmark, the Netherlands, Germany, Britanny in 
France, midland in UK. the eastern, mid-western U.S.A.12) , East Asia , part of Japan，Korea 
and Taiwan, the fertile and densely populated, and increasingly affluent, areas of east 
and south Asia often reveal a surplus of nutrients. There are also widespread areas of 
central and eastern Europe where, as a result of very large livestock production units, 
there is a serious surplus of soil nutrients. The excess nitrogen and phosphorus “leaks” 
through leaching or runoff in surface or groundwater, damage aquatic and land 
ecosystems.  
These surpluses are aggravated from additional application of chemical fertilizer  
to the already affluent manure. Chemical fertilizer is applied to achieve high level of 
crop yield. It is said to be necessary because of the ready availability of its nutrients and 
its easy transport.  
4  Example of the disparity in manure nutrients between the north and south 
1)  Nutrient surplus and its countermeasures in mixed farming in humid temperate : A 
Japan’s case 16) 
Manure nutrient status in a municipality, which is keeping Japan’s highest annual 
sales figure of agricultural products, was surveyed. The city of Toyohashi, of which 
population is about 350 thousands, is located at central Japan, near Nagoya. Its 
agricultural employment is about 15 thousands. Its agricultural sector, crop cultivation 
and livestock operation, is shown in Table 6 and 7. Its agriculture is progressive and 
versatile and the livestock sector has dairy, beef, pork, layer and broilers, and Japanese 
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quail husbandries. Principle of municipal industrial policy is to hit a balance between 
agricultural and urban development. 
(1)  Outline of the agriculture in Toyohashi 
    Summary of agronomic sub-sector is shown in Table 6. Vegetables, 3,820 ha 
comes first, paddy rice second, 2,420 ha, forage crop, 911 ha, fruits 757 ha etc. and 
the total cultivated area is 8,380 ha. The nitrogen requirement for vegetable is the 
highest, 1,146 t and second comes forage crop, 364 t, third paddy rice, 242 t. Paddy 
rice needs the lowest nitrogen, 100 kg/ha. Other crops require 300 kg/ha and forage 
crop 400 kg/ha. However, not all of the nitrogen requirement can not be filled with 
manure nitrogen because generally in Japan potassium from manure first fulfills the level 
of minimum requirement of the crops and then the total quantity of manure applied is 
fixed at the  level.         
In the livestock sector all of the dairy farms are subtype 5 of the mixed farming, 
most of beef farms are industrial and the rest are subtype 5 of mixed systems. All of the 
   Table 6  Planted area of main crops and their nitrogen requirement 
 
  Crops        Area planted (ha)  Requirement (kg/ha)  Total requirements (t)   
 
 Paddy rice          2,420              100                     242 
 Vegetable           3,820              300                   1,146 
 Ind. crop             240              300                      72 
 Forage crop           911              400                     364 
 Fruits                757              300                     227 
 Others               232               300                     70 
 Total               8,380                                     2,121 
 
         Source: Watanabe, 1998 16) 
monogastric farms are the industrial systems. Manure management organization is 
composed of  cooperated groups  which  are  operating  composting facilities. 
Their  
 Table 7  Livestock operation and manure processed in Toyohashi 
 
         No.     No.        Manure          Utilization of processing facility      Directly                           
 Class   farm   animal     produced (t)      No.  No. anim.  Quantity Proc. (t)     used 
                           Feces    Urine    farm   proc.     Feces    Urine   Feces   Urine                      
   
 Dairy   126     7,833     70,215   47,459  112     7,066   63,728   43,057  6,478    
4,391                                                                                   
 Beef     72    11,899     65,147   45,603   48     9,024   49,406   34,584   5,741  
11,019 
 Swine    85    77,866     57,576  105,976  81     77,748  57,488  105,814     88     
163                                                                             
 Layer    55   1,738,142    88,022           48  1,631,142  77,718           10,304                       
 Broiler   14    286,500    13,594            3    165,000   47,829           5,765                         
 J. quail  37   3,421,000    37,460           30   2,857,000  31,284           6,176 
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 Total   389               332,014  199,037  332           287,453  183,465  44,561  
15,572   
 
       Source: Watanabe，1998 15)  
composting facilities are vessel type and turned by tractors with power shovel. They are 
located dispersedly in small communities and group’s manure is collected from 
individual animal barns and processed, and shipped to neighbors and distant crop 
farmers. Individual farmers who are not organized into cooperatives, operates their own 
composting facilities of vessel type with mechanical turning devices. (Table 7) 
(2)  Balance sheet of manure nutrient in Toyohashi  
The yearly total manure nitrogen production in the area is shown in Table 8. The 
total yearly nitrogen produced is 2, 684 t apparently surpasses the quantity of the 
agronomic requirement of the area 2,121 t (Table 6). Eventually, 1,147 t (42.73%) is 
used within the municipality and accounts for 54.64% of the agronomic requirement of 
the home area. 1537 t (57.27%) is exported to crop farmers off the home area. 
Therefore, the nitrogen balance is kept within the municipality thanks to the export.      
(3)  Promoting compost and manure utilization within the home area and export to 
crop farmers off home area        
To facilitate efficient utilization and distribution of produced compost by groups and 
individual farms, general agricultural cooperatives of the area runs compost utilization 
net work to exchange supply and demand information. Especially, marketing efforts to  
Table 8  Nitrogen production from the manure of livestock species (Unit: t)     
 
               N produced               Nitrogen utilization                Used     Exported   
Class                           Processed        Directly used              within    outside                       
              Feces   Urine    Feces   Urine    Feces   Urine   Total     the area  the area 
 
 Dairy        307.5    90.2      215.3    63.1     28.4    8.3     315.2     232.6      
83.6 
 Beef         313.9    86.6      219.7    60.7     75.8   20.9     377.1     307.4      
69.7 
 Swine        519.6   688.8     363.7   687.7      0.8    1.1      365.6     219.4     
146.2   
 Layer       1,196.7             837.7            140.1            977.8     293.4     
684.4  
 Broiler       184.8              129.4             78.4            207.8      41.6     
166.2 
 J. quail      509.3              356.5             84.0            440.5      52.9     
387.6 
 
 Total       3,031.8    865.6   2,122.3   811.5    407.5   30.3    2,684.0   1,146.7    
1,537.3                                                                                            
 
      Source: Watanabe, 1998 16)   
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export surplus compost (nutrient) to crop farmers outside the area is important. Of 
course, quality control of the product is imperative. 
To keep nutrient balance in the region is prerequisite for the sustainability of the 
agricultural production and the quality of environment in Toyohashi. National policy has 
been implemented to promote the utilization of compost by crop farmers who are 
currently reducing use of compost because of the change of cultural techniques and 
labor deficiency. Contract service of compost spreading is under progress. National 
association of centralized composting plants was organized in 2003 to raise quality 
level, and to promote utilization and marketing of compost. 
2) Nutrient deficits in mixed farming in semiarid Africa: A Niger’s case 19)         
   Agronomic and socioeconomic surveys were conducted by ILCA Niger team from 
1990 to 1992 at three locations in Niger provided information on farmer’s manuring 
practices, livestock holdings and nutrient uptake by millet, the most important staple in 
the Sahel. The sites at Quallam, Kollo and Say represent dry (300-400mm annual 
rainfall), moderately dry (400-500mm) and relatively wet (500-600mm) regions of 
western Niger. These farms belong to subtype 1 of mixed farming systems.     
(1)  Basic assumption  
Based on long term on-station trials in Niger, following assumptions were made; 
1. Manure will decompose over a three year period in the ratio 50:40:10, i.e. 50% of 
nutrient in manure will be released in year 1, 40% in year 2 and 10% in year 3. 
2. Manuring has been practiced for some years so that 60% of the nutrients in manure 
would be available during the year of application (50% year 1 plus 10% year 3 
residual) and 40% in year 2 
3. Some 60% of the N and P released from manure in any given year will actually be 
taken up by millet. 
4. Fields are manured every 2 years, an assumption that is close to actual farm practice 
in the Sahel.    
(2)  Nutrient requirement of millet 
    The data on DM, N and P removal by grain, leaf and stem of millet from 
non-manured fields at the three sites were taken and also the N and P taken up from 
farmer’s fields at three levels of stover and leaf removal determined (leaf 25%/stem 
0%，leaf 50%/stem10% and leaf 75%/ stem 20% removal systems)．The nutrient 
removal was different between the three locations as grain yield (DM) differed for 
Quallam，Kollo and Say was 370, 580 and 840 kg/ha, respectively.:  
Table 9  Estimates of nutrient uptake (kg/ha) by millet in fields receiving 1 t DM of        
cattle or sheep manure every two years.  
 
                                          N            P 
 
                  Year 1      Cattle     4.68          0.65  
                              Sheep     5.76          0.72 
                  Year 2      Cattle     3.12          0.43 
                              Sheep     3.84          0.48 
  
Source: Williams et al., 1995 19) 
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Nutrient uptake by millet in the fields receiving １t DM of cattle or sheep manure 
every two years was estimated（Table 9）It is assumed that the manure has a decay 
series of 50:40:10; that the N/P contents of cattle and sheep manure are 13.0/1.8 and 
16.0/2.0 kg/t DM, respectively and that millet takes up N and P at efficiency of 60%.      
(3)  Manure production rate  
Cattle, sheep and goats manures are collected about 300, 60 and 45kgDM per 
head over an 8 months（from October to May）, respectively. Across the zones ４-５
heads of sheep can be used to replace each head of cattle. The N/P contents of cattle 
and sheep manure are 13.0/1.8 and 16.0/2.0 kg/t DM, respectively. 
(4)  Manure application rate 
Requirements of crop residue and grazing land to manure one hectare of crop land 
(Table 10): nine cattle (or 42 sheep) required for manuring in 50% leaf/10% stem 
removal system of Quallam will need 11-42（or10-40）ha of dry season grazing land, 
4-11(or 3-10) ha of rangeland for wet season grazing. For 50/10 system of Say, the 
grazing land requirement for 21 cattle (or 95 sheep) needed is 34-138（or32-129）ha 
for the dry season and 9-27(or 6-24)ha for the wet season, showing dependency on 
large area of outfield.   
The number of cattle or sheep required to provide the manure needed: Table 10 
shows the number of cattle or sheep required to provide the manure needed to sustain 
the grain yields and stover removals. 
The household livestock holdings in 2 villages in Quallam district: In considering the 
adequacy of household herd for manuring, it is important to look at livestock 
population and species over time. Table 11 shows the household livestock holdings in  
two villages in Quallam district. The mean livestock holdings for 1983 are fairly 
representative of many small farmers’ draught herd size before 1984-85. Comparison 
of the 1983 and 1991 holdings points to the growing importance of small ruminant 
Table 10  Number of animals required to restore soil fertility at different levels 
nutrient removal by millet of one hectare 
 
                              Quallaｍ            Kollo             Say 
Leaf/stem removals        Cattle    Sheep     Cattle    Sheep   Cattle   Sheep 
 
        25/0                 8       35         13       58       19      85 
        50/10                9       42         16       65       21      95 
        75/20                11      48         16       72       23     
103   
 
Source: Williams et al., 1995 19) 
Table 11  Mean livestock holdings in two Quallam villages in Niger, 1983 and 
1991  
 
                     Sadeize－Korara(n=15)               Samanri (n=25) 
                     1983           1991            1983           1991   
  Animal type    Mean  Range   Mean  Range   Mean  Range   Mean   Range 
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  Cattle           5.5   0-27      1.8   0-10       2.3  0-14       1.0     
0-5 
  Sheep           6.6   0-29      9.6   0-32       1.4  0-8        6.4     
0-17  
  Goats          12.5   0-40     22.3   1-81      10.6  0-30      16.3     
2-60  
 
Source: Williams et al., 1995 19) 
relative to cattle and probably reflects the effect of the drought of 1984-85 which was 
more severe on cattle.        
In terms of manuring, if the mean livestock holdings of about four cattle and 15 
small ruminants found in the two Quallam villages in 1983 are compared with the 
number of animals required to produce the manure needed to sustain yields (Table 11),  
it is seen that the herds will be able to manure only 0.6 ha annually when 75％ of the 
leaves and 20％ of the stalks are removed. The situation in Say is not different as 
Quallam. In Quallam and Say districts, farmers cultivate on the average about 10 and 3 
ha per household, respectively. Given the calculations above, it is clear that farmers will 
not be able to manure a sustainable proportion of their fields if they rely on their own 
animals.  
    Farm surveys conducted in the three districts covered in this paper showed that only 
30-50% of millet fields are manured annually. When the area that the average herd 
size in Quallam can manure annually (1.0-1.6 ha) is compared with the 3 ha that 
farmers manure in practice, a number of issues come to the fore.   
    With the 1991 herd size, the farmer will obtain about 1.8 t DM of manure, but 
farmers in this area apply 1.3 t DM/ha, meaning that they apply a total of 3.9 t DM 
annually over the 3 ha that they manure. It appears that farmers in Quallam rely on 
transhumant herds other than their own or on crop residue/manure exchange contracts 
to maintain their current practice. 
   Even with additional manure coming in from outside, farmers’ current strategy will 
not necessarily allow yields to be maintained on a continuous basis. A manure 
application rate of 1.3 t DM /ha is between 40 and 60% of what is needed if the 
objective is to sustain yields on a long term basis. In Niger and other parts of semiarid 
west Africa, external inputs in the form of chemical fertilizers are needed to prevent 
decline in soil fertility and crop yields.1,8,11,14)  
5  Mixed farming and industrial systems, and environment: Policy options 
1)  Mixed farming systems in the developing world 
     In order to get rid of unstable and low productivity of mixed farming systems 
especially in semiarid and sub-humid zone, a more enforcement of crop-livestock 
integration policy is needed. The policy must be addressed the specific cases defined 
by level of soil nutrient supply and agro-environmental condition. There were subsidies 
for feed and fertilizer and, in particular cases, for mechanization. Subsidy policies aiming 
to achieve household self-sufficiency in haste were said to deteriorate integration of 
crop and livestock. Currently phasing out of these subsidies is being advocated. 
 However, resource poor farmers are still getting insufficient staple food at the 
expense of soil fertility with livestock of low productivity. The policy to provide enough 
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and stable fodder biomass in both infield and outfield is the first priority for the farmers 
to begin to climb the initial step of developmental ladder 7,10). For that national fertilizer 
policy is imperative for the farmers to make easy and less expensive access. 
 Subsidies for feed and fertilizer seems to work well only through improved 
extension services close to farmers’ way of life to make them be aware of the merit of 
combining outside capital with utilization of own farm and outfield resources to build 
their sustainable production.  
As for relatively favorable sub-humid and humid zones, the policy to enhance 
efficient use of farm grown resources and manure nutrient is important, keeping 
reasonable herd size with equilibrium to arable land and environment. Also, policy to 
enhance organic farming by farm grown resources to increase income is needed.   
Policies to address efficient manure management are needed for the above two 
cases, such as improving manure collection on the farm and conserving nutrients until 
application to soil.  
Also policies to develop infrastructure such as slaughterhouse and transportation 
systems are due for the above cases to create price incentives for offtake of livestock 
and to motivate for elevating livestock productivity.  
2)  Mixed farming systems in the developed world 
    In the developed world, regulations are first introduced to prevent surface and 
ground water pollution from agricultural origin. For example, EU Nitrate Directive 
(1991)3)and Water Framework Directive (2000)18) ,US revised CAFO Rule13) under NPDES 
of Clean Water Law (2002), and regulations by general pollution prevention law for 
water in Japan, Korea and Taiwan etc. Regulation includes a variety of restrictions on 
stocking rate and use of fertilizer, manure storage and times and techniques of 
application. However, it was experienced that real implementation of these regulations 
at farm level was considerably delayed to the initial plan because farmers needed long 
time to harmonize the economy of operation with the environmental conservation.3,13)  
    Therefore, intensive extension policy is needed to convince farmers of the 
responsibility for non-point pollution from their agricultural land to make them aware of 
the stewardship of nature conservation2). Code of Good Agricultural Practice was 
introduced to EU member states under Nitrate Directive 5). Also a simplified code of 
practice was enforced in Japan in 2005.    
Then regulation was introduced against emission of mal odors. In 2001 EU 
enforced control of agricultural ammonia emission under National Emission Ceilings 
Directive.         
    Policy to subsidize for a transfer of nutrients to the developing countries from the 
nutrient surplus areas of the industrialized world seems to be of value to be considered, 
for example phosphorus fertilizer processed from the ash of the power station fueled 
with poultry manure is exported from U.K. to Africa  
3)  Industrial systems 
    The pollution of land, water and air has raised acute awareness in the developed 
world of the environmental problems associated with industrial production systems. This 
has triggered the establishment of policies and regulatory measures and inducing a 
series of technologies that are increasingly applied, wherever regulations are 
enforced.17)      
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    The regulatory approach is most efficient in situations of point source pollution and 
where there are strong enforcement institutions 4). Compliance with regulations affects 
cost of production and may therefore influence regional distribution. Regulations 
include the limit on the number of animals in the EU, a ban on direct discharge of 
manure into surface waters (U.S.A., Malaysia and other countries) and the establishment 
of nutrient management plans on the farm (Indonesia, U.S.A, EU member states). 
  Zoning can regulate regional distribution and has been important both 
environmental and in regional development policies. 
    Creation of nutrient balance (inorganic and organic) on regional basis through 
organization of livestock and crop farmers is critical element for landless operations.    
For that promotion of infrastructure for manure (compost) distribution within home 
area and off home area is mandatory. 
    For an immediate relief to the area, where livestock operation is concentrated and 
manure is already surpassing the capacity of local acceptance, policy to use manure 
other than in agricultural sector may be promoted such as fuel for power generation. 
６  Technology options for mixed farming and industrial systems 
1)  Mixed farming systems in developing countries: Nutrient deficits  
    In mixed farming systems, there are exciting opportunities for technical challenge. 
The challenge will be to convince farmers about the value of technology. In nutrient 
deficient systems of the developing world, improvement of soil through the use of 
alternative crops for mulching, and introduction of soil management technologies such 
as conservation tillage, strip cropping, contour farming, etc.; 
    Improvement of feed production and quality to reduce pressure on grazing areas 
and improve internal nutrient transfers. Technologies to do so include; 
   introduction of fodder shrubs and trees to reduce soil erosion and soil fertility, 
fodder bank;  
     improvement of feed quality, for example through urea treatment of feeds.  
    Reduction of nutrient losses from manure and improved efficiency of their 
application by: 
     promotion of stall feeding which doubles the effective availability of nitrogen 
and phosphorus, with improved manure handling and storage by less cost 
and locally available resources;  
  corralling and in situ fertilization of crop field by moving the corral regularly.  
Increased production efficiency and introduction of organic farming thereby farm 
income, resulting in improved purchasing power for improvement and conservation 
methods.  
2)  Mixed farming systems in developed countries: Nutrient surplus 
    Of particular importance are the following technologies to reduce nutrient surplus: 
       improved nutrient formulation in terms of incorporating optimum levels of 
nitrogen into feed and adding enzymes to improve the utilization rate of plant 
phosphorus; 
       improved manure handling and storage are key requirements to prevent 
leaching and pollution of surface water17).  
    In case of large scale operation the technology options are the same as industrial 
systems. 
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    In addition low-input mixed farming systems has been interested over the last 
decade, as sustainable and environmentally friendly systems as Low Input Sustainable 
Agriculture ( LISA.). Also practice of organic farming is needed.  
3)  Industrial systems     
    A whole range of technologies exists that could alleviate the environmental burden 
created by this system.17) 
 Reduction of nitrogen and phosphorus excretion from livestock by improving feed 
utilization can be achieved through: 
      introduction of multi-phase feeding to produce less waste into the environment; 
      improving the accuracy of determining nitrogen and phosphorus requirements;   
      improvement with the addition of an enzyme (phitase) for catalyzing the 
digesting of phitate in feed. 
    Reducing of the emission from manure storage and during application. Possible 
technologies are; 
      a reduction of nutrient losses from manure in stables and during storage through 
improved collection and storage techniques;   
      effective re-use energy and nutrients in the manure in case where manure is not 
used directly for agriculture as renewable energy biogas and power 
generation; 
      reducing nutrient losses during and after application on soils; 
      large scale manure processing facilities and creation of regional distribution 
network. 
Conclusion 
  Animal scientists specialized in world livestock development, should pay more 
attention to the role of manure nutrients in both mixed farming systems and industrial 
systems from the viewpoint of building sustainable production.  
    In mixed farming systems of developing countries with low stocking rate and less 
efficient manure collection and management, improved conservation and utilization of 
manure nutrients have to be realized to replenish the nutrients of crop removal. At the 
same time, increase of fodder biomass in the system is imperative to initiate steady 
development. 
    In developed countries, reduction of manure nutrients through precise protein 
formulation and use of potent enzymes such as phitase for improvement of phosphorus 
digestion should be practiced without decreasing production. 
Emission from manure in stables, during storage and application to land must be 
reduced through improved collection and storage techniques and application 
equipments. 
Common and important instrument for both developing and developed countries is 
improved and intensive extension services. For the former technology introduction and 
tools for basic farm management have to be provided. For the latter awareness for 
non-point pollution from crop fields and incentive to stewardship for nature 
conservation have to be cultured. 
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